Abstract A 74-year-old Japanese woman was admitted to our hospital because of fever, fatigue, and hearing loss associated with vertigo. She had a 1-year history of hearing impairment that got worse gradually and had been treated as otitis media with effusion, but without remarkable improvement. After admission, she developed renal dysfunction associated with hematuria and proteinuria. Laboratory tests showed leukocytosis and elevated C-reactive protein. Myeloperoxidase antineutrophil cytoplasmic antibody (MPO-ANCA) was elevated, but proteinase-3 antineutrophil cytoplasmic antibody (PR3-ANCA) was negative. Renal biopsy revealed pauci-immune focal necrotizing glomerulonephritis with crescents. She was diagnosed as having MPO-ANCA-associated polyangiitis. After treatment with 500 mg methylprednisolone applied intravenously for 3 days, followed by 40 mg prednisolone administered orally, renal function recovered completely. Her hearing also improved. Although otolaryngological symptoms are common in PR3-ANCA associated vasculitis, hearing loss is a rare manifestation of MPO-ANCA associated vasculitis (MPO-AAV). Our case suggests that AAV should be considered in the differential diagnosis of hearing loss.
Introduction
MPO-ANCA-positive microscopic polyangiitis (MPA) is a necrotizing small-vessel vasculitis that commonly manifests as a rapid progressive glomerular nephritis (RPGN), with necrotizing glomerular tufts, alveolar hemorrhage, or interstitial pneumonia [1] [2] [3] . Most patients with ANCAassociated glomerulonephritis present with a rapid loss of renal function associated with hematuria, proteinuria, and hypertension [4] . Granulomatosis with polyangiitis (GPA), previously known as Wegener's granulomatosis, is common with ENT symptoms, but for MPA it is rare. This report describes a case of MPO-ANCA-positive MPA with hearing loss followed by renal dysfunction.
Case report
A 74-year-old woman was admitted to our hospital because of fever, fatigue, and hearing loss associated with vertigo. Her hearing impairment for the prior year, which had been diagnosed as otitis media with effusion, was resistant against ventilation tube insertion and clarithromycin. T2-weighted MR image showed high signal representing effusion in mastoid cells, which was compatible with otitis media with effusion ( Fig. 1) .
She had a medical history of acute appendicitis and cataract. Physical examination revealed bilateral hearing loss and coarse crackles on the left side of her lung. No skin lesion, saddle nose, peripheral neuropathy or arthralgia was found.
Laboratory tests on admission showed leukocytosis (18,000/lL), elevated C-reactive protein (23.2 mg/dL), positive for MPO-ANCA (100 EU/mL), but negative for PR3-ANCA. Her creatinine was normal (0.9 mg/dL). No viral or bacterial infection, including tuberculosis, was detected by appropriate tests. Plain CT showed consolidation on her left lung, but normal-sized kidney (Figs. 2,  3 ). Lung biopsy was performed, but abnormal findings were not obtained.
On day 16 after admission, serum creatinine increased rapidly from 0.9 to 4.5 mg/dL associated with proteinuria (1.8 g/day) and microscopic hematuria ([100/HPF). Renal biopsy revealed pauci-immune focal necrotizing glomerulonephritis with crescents (Fig. 4) . She was diagnosed as having MPO-ANCA positive microscopic polyangiitis and was subsequently treated with 500 mg methylprednisolone intravenously for 3 days followed by 40 mg/day prednisolone (oral). After treatment, renal function completely recovered, with disappearance of proteinuria and hematuria. Additionally, an audiogram confirmed that her hearing had improved (Fig. 5) . After discharge, she maintained a stable clinical course and normal renal function. Her hearing also has not worsened.
Discussion
AAV is characterized by the occurrence of systemic necrotizing vasculitis with multiple organ dysfunction, associated with the presence of ANCA in serum, which is highly specific for the diagnosis of vasculitis (98.6 %) [5] . GPA, previously known as Wegener's granulomatosis, is a systemic necrotizing granulomatous AAV that mainly affects the upper and lower respiratory tracts and kidneys, whereas MPA is a systemic necrotizing AAV that typically causes RPGN and hemorrhagic pneumonitis. In Japan, ENT symptoms are rare (15 %) compared with those reported in the UK (64 %) [6] . In Japan, MPA is regarded as predominant, but GPA is more common in the UK among patients with AAV.
PR3-ANCA is more specific for GPA and MPO-ANCA is more specific for MPA. However, MPO-ANCA-positive GPA and PR3-ANCA-positive MPA are frequently encountered. A previous study showed that 10 % of GPA patients were positive for MPO-ANCA, while 30 % of MPA patients were positive for PR3-ANCA [7] . Our case was positive for only MPO-ANCA and associated with rare manifestation as hearing impairment in Japan. We concluded our case with MPO-ANCA-positive MPA because of a lack of clinical manifestation, suggesting GPA and no detection of granulomatosis in lung and renal biopsy.
Our patient had suffered refractory otitis media with effusion for 1 year. Fortunately, her hearing ability improved together with treatment for MPO-ANCA-positive MPA, but it did not completely recover. Takagi et al. [8] reported their six MPO-ANCA-positive cases with bilateral progressive hearing loss. In their report, initiation of treatment within 2 months improved the outcome of hearing ability, and was able to achieve complete recovery. Our patient achieved only partial recovery. The initiation of treatment occurred more than 2 months after hearing loss developed.
In conclusion, it is sometimes difficult to diagnose AAV with only hearing impairment without systemic symptoms because that symptom associated with AAV is still rare in Japan. However, based on information from our case and another literature review [8] [9] [10] , early diagnosis and initiation of treatment for AAV can save hearing loss. AAV should be considered in the differential diagnosis of hearing loss that is resistant to conventional treatment.
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